Did the universe have a beginning or does it exist forever, i.e. is it eternal at least in relation to the past? This fundamental question was a main topic in ancient philosophy of nature and the Middle Ages. Philosophically it was more or less banished then by Immanuel Kant's Critique of Pure Reason. But it used to have and still has its revival in modern physical cosmology both in the controversy between the big bang and steady state models some decades ago and in the contemporary attempts to explain the big bang within a quantum cosmological framework. This paper has two main goals: First a conceptual clarification and distinction of different notions of "big bang" and "universe" is suggested, as well as a multiverse taxonomy and a classification of initial and eternal cosmologies. Second, and with the help of this analysis, it is shown how a conceptual and perhaps physical solution of the temporal aspect of Immanuel Kant's "first antinomy of pure reason" is possible, i.e. how our universe in some respect could have both a beginning and an eternal existence. Therefore, paradoxically, there might have been a time before time or a beginning of time in time.
A universe with or without a beginning
Although modern physical cosmology has been able to emancipate itself considerably from its philosophical predecessors, it is still occupied with some of their fundamental questions (cf. Kanitscheider 1991) . One of them is the problem of the finiteness versus infiniteness of time and space. The philosophical implications of current scientific approaches to these problems and the big bang, should they turn out to be true, are far-reaching; and they are based on many (partly speculative) premises as well as concepts, which are not always sufficiently clear in scientific practice and popularization. Therefore these approaches are also an interesting subject of reflections for philosophers of science (cf. Bartels 1996) . Immanuel Kant, in his Critique of Pure Reason (1781/1787), argued that it is possible to prove both that the world has a beginning and that it is eternal (first antinomy of pure reason, A426f/B454f). As Kant believed he could overcome this "self-contradiction of reason" ("Widerspruch der Vernunft mit ihr selbst", A740) by what he called "transcendental idealism", the question whether the cosmos exists forever or not has almost vanished in philosophical discussions. This is somewhat surprising, because Kant's argument is quite problematic (cf., e.g., Heimsoeth 1960 , Wilkerson 1976 , Wike 1982 , Smith 1985 , Schmucker 1990 , Kanitscheider 1991 , pp. 439 ff, Malzkorn 1999 , Falkenburg 2000 . In the twentieth century, however, the question became once again vital in the context of natural science, culminating in the controversy between big bang and steady state models in modern physical cosmology (Kragh 1996) . In recent years, it has reappeared in the framework of quantum cosmology (Vaas 2001d (Vaas & 2002a , where, on the one hand, there are instanton models that assume an absolute beginning of time (e.g. Vilenkin 1982 & 1984 , Hawking & Hartle 1983 , while other scenarios suppose that the big bang of our universe was only a transition from an earlier state (e.g. Linde 1983 , Blome & Priester 1991 , Khoury et al. 2001 , Steinhardt & Turok 2002abc, Turok, Malcolm & Steinhardt 2004 , and that there are perhaps infinitely many such events.
General relativity breaks down at very small spatio-temporal scales and high energy densities. This is why quantum cosmology is needed. But in contrast to the framework of general relativity, which is theoretically well understood and has been empirically confirmed quite marvelously, the current approaches in quantum cosmology, string theory, etc., are still quite speculative, controversial, and almost without any empirical footing yet. Although it is on a much more sophisticated and abstract level, this situation somewhat resembles the pre-Socratic discussions of natural philosophy. This is a further reason why conceptual analysis and philosophical investigations of assumptions and implications in general might be useful here -both within and beyond physics. This paper has two goals: First, some conceptual clarifications shall be made helping to classify different cosmologies and avoid confusion: They are about distinct meanings of the terms "big bang" and "universe" and offer a proposal for a multiverse taxonomy. Second, a speculative solution of Kant's "first antinomy of pure reason" within a framework of metaphysical realism and based on a distinction between two kinds of time (a microscopic and a macroscopic time scale) is suggested, which is compatible with some modern cosmological scenarios. Our universe in some respect could have both a beginning and an eternal existence. Therefore, paradoxically, there might have been a time before time or a beginning of time in time.
2. Different notions of "big bang", "universe", and "multiverse" "Big bang" is an ambiguous term, which has led to many misunderstandings and prejudice. One should draw a distinction between at least four logically different meanings: (1) the hot, dense early phase of our universe where the light elements were formed, (2) the initial singularity, (3) an absolute beginning of space, time, and energy, and (4) the beginning of our universe, i.e. its elementary particles, vacuum state, and perhaps its (local) space-time.
That our universe originated from a big bang in the sense of (1) is almost uncontroversial. (2) is the relativistic cosmology's limit of backward extrapolation where the known laws of physics break down. Different models of quantum and string cosmology try to overcome this limit, and (3) and (4) classify their different scenarios. Those characterized by (3) might be called initial cosmologies. They postulate a very first moment (cf. Grünbaum 1991 , Smith 2002 ) -at least if time is ultimately physically discrete, i.e. not continuously divisible. Those characterized by (4) are eternal cosmologies. There are different kinds of them, both in ancient and in modern cosmology: static ones (without irreversible changes on a coarse-grained level), evolutionary ones (with cumulative change), and revolutionary ones (with sharp phase-transitions). And they could have either a linear or a cyclic time. Option (4) also allows the possibility that our universe neither exists eternally, nor that it came into being out of nothing or out of a timeless state, but that space and time are not fundamental and irreducible at all, or that there was a time "before" the big bang -"big bang" in the sense of (1) -, as well as that there are other universes.
The term "universe" (or "world"), as it is used today, is also ambiguous. There are many different meanings of "universe", especially:
(1) everything (physically) in existence, ever, anywhere; (2) the observable region we inhabit (the Hubble volume, roughly 27 billion light years in diameter), plus everything that has interacted (for example due to a common origin) or will ever or at least in the next few billion years interact with this region; (3) any gigantic system of causally interacting things that is wholly (or to a very large extent or for a long time) isolated from others; sometimes such a locally causally connected collection is called a multi-domain universe, consisting of the ensemble of all sub-regions of a larger connected spacetime, the "universe as a whole", and this is opposed to multiverse in a stronger sense, i.e. the set of genuinely diconnected universes, which are not causally related at all. (4) any system that might well have become gigantic, etc., even if it does in fact recollapse while it is still very small; (5) other branches of the wavefunction (if it never collapses, cf. Wheeler & Zurek 1983 , Barrett 1999 , Vaas 2001e & 2004c in unitary quantum physics, i.e. different histories of the universe (e.g. GellMann & Hartle 1990 & Hartle & 1993 or different classical worlds which are in superposition (e.g. DeWitt & Graham 1973); (6) completely disconnected systems consisting of universes in one of the former meanings, which do or do not share the same boundary conditions, constants, parameters, vacuum states, effective lowenergy laws, or even fundamental laws, e.g. different physically realized mathematical structures (cf. Tegmark 2004) . Nowadays, "multiverse" (or "world" as a whole) might be used to refer to everything in existence, while the term "universe" permits to talk of several universes (worlds) within the multiverse. In principle, these universes -mostly conceived in the meaning of (2), (3), or (4) -might or might not be spatially, temporally, dimensionally, and/or mathematically separated from each other (see table 1). Thus, there are not necessarily sharp boundaries between them. (Note that these aspects of seperation are not necessarily excluding each other. Some multiverse kinds fit in several categories, i.e. chaotic inflation which describes universes which are spatially exclusive, but not dimensionally separated, causally future-strict, but not past-strict separated because they share a common mechanism which generates their existence.)
A distinction which follows naturally from the above might be called the unique-universe versus multiverse accounts:
• Unique-universe accounts view our universe as the only one (or at least the only one ever relevant for and subject of cosmological explanations and theories). It might have had predecessors (before the big bang) and/or successors (after a big crunch), but then the whole series can be taken as one single universe with spatio-temporal phase-transitions (e.g. as a revolutionary eternal cosmology). From the perspective of physical simplicity, epistemology and philosophy of science it is favorable to try to explain as much as possible with a unique-universe account, i.e. searching for a Theory of Everything with just one self-consistent solution that represents (or predicts) our universe. (Of course one could always argue that there are other, causally strictly separated universes too, which do not even share a common generator or a meta-law; but then they do not have any explanatory power at all and the claims for their existence cannot be motivated in any scientific useful way.)
• Multiverse accounts, however, assume the existence of other universes as defined above and characterized with respect to their separation in table 1. This is no longer viewed as mad metaphysical speculation beyond empirical rationality. There are many different multiverse accounts (see, e.g., Linde 1994 , Smolin 1997 , Deutsch 1997 , Vaas 1998 & 2004e, Rees 2001 , Gouts 2003 , Tegmark 2004 , Davies 2004 , Carr 2005 and even some attempts to classify them quantitatively (see, e.g., Deutsch 2001 for many worlds in quantum physics, and for physical cosmology).
It is almost an ingredient of standard big bang cosmology to assume cosmic inflation -and there is already some observational evidence (see Spergel et al. 2003 , Peiris et al. 2003 , Vaas 2003b ) although it might be explained otherwise (cf. Khoury, Steinhardt & Turok 2003 , Turok & Steinhardt 2004a ). According to this scenario, almost immediately after the big bang our universe underwent a -perhaps only very short -epoch of exponential expansion (see, e.g., Abbott & Pi 1986 , Blau & Guth 1987 , Linde 1994 , Lidsey et al. 1997 , Guth 1997 & 2000ab & 2001 , Vaas 2001b ). This superluminal increase of space has a doubling time in the order of 10 -37 seconds, and there were at least a hundred of these doublings. This is the reason why our entire observable universe is so extremely homogeneous on large scales. After the inflationary epoch, which was driven by a new physical field called the inflaton (or a combination of different fields or geometric properties of space itself), the energy of that field was released and ultimately converted to matter and radiation. Models of cosmic inflation can solve deep physical and cosmological problems which need not be discussed here. Infla tion is a property of a certain kind peculiar repulsive-gravity material with negative pressure or a special kind of vacuum, called the false vacuum (both terms, "material" and "vacuum", are somewhat misleading, and they are instantiated by the inflaton which is fundamentally unstable). If and where inflation stops, thermalized regions form -large bubbles of "true" vacuum, sometimes called pocket universes. Our universe is a tiny part of such a much more slowly expanding bubble. But these bubbles are still surrounded by the false vacuum. In fact, this false vacuum never decays completely because the expansion is much faster than the decay. Therefore, inflation never stops. This is the basic idea of eternal inflation. More precisely we should say: future-eternal inflation, because it is a matter of controversy whether inflation is also past-eternal or not (see below). -Inflation is not the only argument for multiverse accounts. Also most theories of quantum cosmology (e.g. based on string theory) assume or cannot avoid the existence of different universes (Susskind 2003 , Douglas 2003 . To explain the existence and properties of our universe it would be favorable to find arguments showing that universes of our kind (or similar kinds) are more probable than other ones or that our universe is typical in some sense. If this is not possible -if, e.g., all kinds of universes are equally probable or our universe even has a very low probability of coming into being compared to others -, one has to adopt observational selection effects, also known as the weak anthropic principle (see Barrow & Tipler 1986 and Vaas 2004e for an extensive review).
Though the multiverse idea is quite speculative and comes along with deep scientific, epistemological and ontological problems, it has some explanatory power and is, at least in some variants, probably here to stay. "The idea of a multiverse -an ensemble of universes or universe domains -has received increasing attention in cosmology, both as the outcome of the originating process that generated our own universe, and as an explanation for why our universe appears to be fine-tuned for life and consciousness" (Ellis, Kirchner & Stoeger 2004, p. 921) . "Attempts to sharpen the discussion and provide a more rigorous treatment of concepts such as the number of universes, the probability measures in parameter space, and objective definitions of infinite sets of universes, have not progressed far. Nevertheless, the multiverse idea has probably earned a permanent place in physical science, and as new physical theories are considered in the future, it is likely that their consequences for biophilicity and multiple cosmic regions will be eagerly assessed" (Davies 2004, online p. 14) .
One might call the whole set of different universes the multiverse. But it could be true that there are even different sets of totally spatio-temporally and causally strictly separated multiverses, e.g. different bunches of chaotically inflating, or self-created multiverses (see below). In that case it remains meaningful to have a term with a still broader extension, namely cosmos. So "cosmos" shall be taken as the all-embracing term for everything in existence which might or might not be the set of different multiverses, while a (or the) multiverse consists of different universes.
Initial and eternal cosmologies
Historically, both cosmologies with and without a beginning were common. This fundamental question was a main topic in ancient philosophy of nature. It culminated in the Middle Ages. But philosophically it was more or less banished then by Immanuel Kant's Critique of Pure Reason. Some historical philosophical views and their influential proponents are summarized in table 2. (Note that not all those possibilites are necessarily in contradiction in every respect. A creatio ex nihilo and a creatio continua, for instance, could both be true.)
In modern physical cosmology, the situation is secularized, but even more complex, because general relativity and quantum cosmology offer additional possibilities. An overview is given in figure 1 and table 3. Although eternal cosmologies might appear to be more naturally related to multiverse accounts, the temporal and quasi-spatial issues, i.e. initial/eternal cosmologies and unique universe/multiverse accounts, are logically independent. Every possible combinations of those features were suggested and defended, as the following examples show: Of course classifications like those in table 3 have crucial limitations. They are not meant to put the different models rigidly into different categories or placing them onto the bed of Procrustes, but to get a simplified overview of these complex issues as well as to highlight and contrast the differences. Although such a framework or taxonomy is useful for systematic, conceptual and didactic reasons, it is important to be aware of the simplifications and controversial ambiguities of it. Before discussing some of them (see chapter 6 below), another important distinction is necessary, however -that between microscopic and macroscopic time. It is also crucial to understand a third option between initial and eternal cosmologies: the pseudo-beginning of universes.
Both initial and eternal cosmologies have severe explanatory problems, so it is useful to search for alternatives.
Eternal cosmologie s need not assume a first cause or accident, but they shift the burden of explanation into the infinite past. Although every event might be explicable by earlier events and causal laws, eternal cosmologies cannot even address why a temporally infinite cosmos exists and why it is the way it is. And there might be even deeper problems: Because we are able to assign a symbol to represent ‚infinity' and can manipulate such a symbol according to specified rules, one might assume that corresponding infinite entities (e.g. particles or universes) exist. But the actual (i.e. realized in contrast to potential or conceptual) physical (in contrast to the mathematical) infinite has been criticized vehemently being not constructible, implying contradictions etc. (cf. Hilbert 1964 , p. 136-151, Spitzer 2000 . If this would be correct it should also apply to an infinite past. (A future-eternal cosmos might be less problematic if it is viewed as an unfolding, unbounded i.e. only potentia l one.) This is an controversial issue, but it might be seen at least as another motivation to search for alternatives to past-eternal cosmologies.
Initial cosmologies, on the other hand, run into deep metaphysical troubles to explain how something could come out of nothing and why is there something rather than nothing at all (cf. Nozick 1981) .
Even the theological doctrine of creatio ex nihilo does not start with nothing at all but with something, that is God, so the principle "ex nihilo nihil fit" still holds. And contemporary secularized ex-nihilo initial cosmologies usually claim, as Alexander Vilenkin said (quoted in Vaas 2003c, p. 45) , that there were at least the laws of physics even if there was nothing more at all. (Concerning his own model, Vilenkin (1982, p. 26) admitted that "The concept of the universe being created from nothing is a crazy one", and his analogy with particle pair creation only deepens the problem, because matter-antimatter particles do not pop out of nothing but are transformations of energy which is already there.) Similarly, Heinz Pagels (1985, p. 347) subscribed to some kind of platonism with respect to physical laws: "This unthinkable void converts itself into the plenum of existence -a necessary consequence of physical laws. Where are these laws written into that void? What ,tells' the void that it is pregnant with a possible universe? It would seem that even the void is subject to law, a logic that exists prior to space and time." And Stephen Hawking (1988, p. 174 ) asked "Even if there is only one possible unified theory, it is just a set of rules and equations. What is it that breathes fire into the equations and makes a universe for them to describe? The usual approach of science of constructing a mathematical model cannot answer the question of why there should be a universe for the model to describe. Why does the universe go to all the bother of existing?" But if one does not subscribe to an origin of something (or everything) from really nothing, one need not accept pla tonism with respect to the ontological status of physical laws (Vaas 2003c) . They might simply be seen as the outcome of invariant properties of nature. If so, they do not govern nature but are instantiated from it. They are abstract descriptionslike a model or theory of reality is not to be confused with reality itself.
So from what has been sketched here, it is helpful to search for a "third way" between initial and eternal cosmologies to explain more than the latter but not fall into the problems of the former. Pseudobeginning cosmologies, as they should be called here, might offer such a middle course.
A solution for the antinomy of the beginning and eternity of the world
Kant's first antinomy makes the error of the excluded third option, i.e. it is not impossible that the universe could have both a beginning and an eternal past. If some kind of metaphysical realism is true, including an observer-independent and relational time, then a solution of the antinomy is conceivable. It is based on the distinction between a microscopic and a macroscopic time scale. Only the latter is characterized by an asymmetry of nature under a reversal of time, i.e. the property of having a global (coarse-grained) evolution -an arrow of time (Zeh 2001 , Vaas 2002c , Albrecht 2003 ) -or many arrows, if they are independent from each other. (Note that some might prefer to speak of an arrow in time, but that should not matter here.) Thus, the macroscopic scale is by definition temporally directed -otherwise it would not exist. (It shall not be discussed here whether such an arrow must be observable in principle, which would raise difficult questions, e.g. in relation to an empty, but globally expanding universe.)
On the microscopic scale, however, only local, statistic ally distributed events without dynamical trends, i.e. a global time-evolution or an increase of entropy density, exist. This is the case if one or both of the following conditions are satisfied: First, if the system is in thermodynamic equilibrium (e.g. there is a huge number -or degeneracy -of microscopic states identifiable with the same coarse-grained state). And/or second, if the system is in an extremely simple ground state or meta-stable state. (Meta-stable states have a local, but not a global minimum in their potential landscape and, hence, they can decay; ground states might also change due to quantum uncertainty, i.e. due to local tunneling events.) Some still speculative theories of quantum gravity permit the assumption of such a global, macroscopically time-less ground state (e.g. quantum or string vacuum, spin networks, twistors). Due to accidental fluctuations, which exceed a certain threshold value, universes can emerge out of that state. Due to some also speculative physical mechanism (like cosmic inflation) they acquire -and, thus, are characterized by -directed non-equilibrium dynamics, specific initial conditions, and, hence, an arrow of time. (It could be defined, for instance, by the cosmic expansion parameter or by the increase of entropy.) Note that, strictly speaking, such universes are not "inside" or "embedded in" the vacuum ground state but cut their cords and exist in some respects "anywhere else".
It is a matter of debate (cf., e.g., Price 1996 , Vaas 2002c Many physicists favour special initial conditions, though there is no consensus about their nature and form. But in the context at issue it is sufficient to note that such a macroscopic global time-direction is the main ingredient of Kant's first antinomy, for the question is whether this arrow has a beginning or not.
(A brief comment might be appropriate here: Of course, if -and this is a big IF -time's arrow is inevitably subjective, ontologically irreducible, fundamental and not only a kind of illusion, thus if some form of metaphysical idealism for instance is true, then both physical cosmology and the proposal of this paper as well as any reasoning about a time before time is mistaken or quite irrelevant. However, if we do not want to neglect an observer-independent physical reality and adopt solipsism or other forms of idealism -and there are strong arguments in favor of some form of metaphysical realism -, Kant's rejection seems hasty. Furthermore, if a Kantian is not willing to give up some kind of metaphysical realism, namely the belief in a "Ding an sich", a thing in itself -and some philosophers actually insisted that this is superfluous: the German idealists, Friedrich Nietzsche, Arthur Schopenhauer, the phenomenalists etc., see also Cohen 1871 , Vaihinger 1911 , and Mittelstraß 1977 , for instance -, he has to admit that time is a subjective illusion or that there is a dualism between an objective timeless world and a subjective arrow of time; and then a distinction is necessary, which ultimately may lead to the proposal advocated here.)
To get a simplified idea of what is suggested here, take classical thermodynamics and statistical mechanics as an analogy and have a look at figure 2 and 3 (cf. Albrecht 2004).
Figure 2:

Micro-and macrotime in a closed system
Systems have an arrow of time if they undergo a directed development. This is manifest only on a macroscopic level and is called macroscopic time here (or macrotime for short). It comes along with an increase of entropy which is a measure for the disorder of the system.
For example molecules in a closed box (figure 2) spread from a corner (1) -if they were released there, for instance, from a gas cylinder -in every direction and eventually occupy the whole space (3). Then a state of equilibrium is reached which has no directed development anymore and thus no macrotime. Coarse-grained "snapshots" of the whole system or sufficiently large parts of it show no difference (3 and 4). On a fine-grained level there are still changes (3 versus 4). Thus, a microtime always remains. Due to accidental, sufficiently large fluctuations -which happen statistically even in a state of equilibrium if there is enough microtime available -local structures can arise (from 3 to 1) and a macrotime temporarily comes into being again.
Figure 3:
Micro-and macrotime in an open system
If the system is not closed but open (figure 3), a state of equilibrium does not necessarily develop and macrotime does not vanish. For instance, in the universe this is the case because space expands. Whether there were specific, improbable initial conditions at the big bang (1) or whether order and a directed development could have come out of quite different initial configurations is controversial. Possibly the whole universe is an accidental fluctuation in a macrotimeless quantum vacuum.
In conclusion, and contrary to Kant's thoughts: There are reasons to believe that it is possible, at least conceptually, that time has both a beginning -in the macroscopic sense with an arrow -and is eternal -in the microscopic notion of a steady state with statistical fluctuations.
Is there also some physical support for this proposal?
Surprisingly, quantum cosmology offers a possibility that the arrow has a beginning and that it nevertheless emerged out of an eternal state without any macroscopic time-direction. (Note that there are some parallels to a theistic conception of the creation of the world here, e.g. in the Augustinian tradition which claims that time together with the universe emerged out of a time-less God; but such a cosmological argument is quite controversial, especially in a modern form, cf. Craig & Smith 1993 , and of course beyond the scope of this paper.) So this possible overcoming of the first antinomy is not only a philosophical conceivability but is already motivated by modern physics. At least some scenarios of quantum cosmology, quantum geometry/loop quantum gravity, and string cosmology can be interpreted as examples for such a local beginning of our macroscopic time out of a state with microscopic time, but with an eternal, global macroscopic timelessness (further remarks about this models below).
To put it in a more general, but abstract framework and get a sketchy illustration, consider figure 4.
Figure 4:
Something out of almost nothing Physical dynamics can be described using "potential landscapes" of fields. For simplicity, here only the variable potential (or energy density) of a single field is shown. To illustrate the dynamics, one can imagine a ball moving along the potential landscape. Depressions stand for states which are stable, at least temporarily. Due to quantum effects, the ball can "jump over" or "tunnel through" the hills. The deepest depression represents the ground state.
In the common theories the state of the universe -the product of all its matter and energy fields, roughly speaking -evolves out of a metastable "false vacuum" (figure 4, left: top) into a "true vacuum" (bottom) which has a state of lower energy (potential). There might exist many (perhaps even infinitely many) true vacua which would correspond to universes with different constants or laws of nature (imagine the graph in figure 4 not as a line but as a 3D shaped object lika a sombrero, where every spot at its brim corresponds to a different universe with a different set of physical laws and constants). The initial condition of this scenario, however, remains unexplainable.
It is more plausible to start with a ground state which is the minimum of what physically can exist (figure 4, right). According to this view an absolute nothingness is impossible. There is something rather than nothing because something cannot come out of absolutely nothing, and something does obviously exist. Thus, something can only change, and this change might be described with physical laws. Hence, the ground state is almost "nothing", but can become thoroughly "something" (more). (Therefore, it is only marginally, but qualitatively wrong that there is something rather than nothing because nothing is instable -a difference which makes everything in the world and, in fact, the whole world.) Possibly, our universe -and, independent from this, many others, probably most of them having different physical properties -arose from such a phase transition out of a quasi atemporal quantum vacuum (and, perhaps, got disconnected completely). Tunneling back might be prevented by the exponential expansion of this brand new space. Because of this cosmic inflation the universe not only became gigantic but simultaneously the potential hill broadened enormously and got (almost) impassable. This preserves the universe from relapsing into its non-existence. On the other hand, if there is no physical mechanism to prevent the tunneling-back or makes it at least very improbable, respectively, there is still another option: If infinitely many universes originated, some of them could be long-lived only for statistical reasons. But this possibility is less predictive and therefore an inferior kind of explanation for not tunneling back.
Another crucial question remains even if universes could come into being out of fluctuations of (or in) a primitive substrate, i.e. some patterns of superposition of fields with local overdensities of energy: Is spacetime part of this primordia l stuff or is it also a product of it? Or, more specifically: Does such a primordial quantum vacuum have a semi-classical spacetime structure or is it made up of more fundamental entities?
Both alternatives have already been investigated in some respect. Unique-universe accounts, especially the modified Eddington models -the soft bang/emergent universe mentioned below -presuppose some kind of semi-classical spacetime. The same is true for some multiverse accounts describing our universe (and others) as a fluctuation or collapse/tunnel event -e.g. the models of Edward Tryon (1973), Robert Brout et al. (1978 & 1979 , Alexei A. Starobinsky (1980) , David Atkatz and Heinz Pagels (1982) , John Richard Gott III (1982) , and Mark Israelit (2002) -, where Minkowski space, a tiny closed, finite space or the infinite de Sitter space is assumed. The same goes for string theory inspired models like the pre-big bang account of Gabriele Veneziano and Maurizio Gasperini (Gasperini & Veneziano 2003 , Vaas 2003a , because string and M-theory is still formulated in a backgrounddependent way, i.e. requires the existence of a semi-classical spacetime (for some speculative ideas in string theory to go beyond this, i.e. treating spacetime as emergent, see, e.g., Helling 2000 , Nishimura 2003 . A different approach is the assumption of "building-blocks" of spacetime, a kind of pregeometry (Patton & Wheeler 1975) , cf. also the twistor approach of Roger Penrose (cf. Penrose & Rindler 1984 , Huggett 1998 , for a short introduction see Hawking & Penrose 1996, ch. 6) , and the cellular automata approach of Stephen Wolfram (2002) . The most elaborated accounts in this line of reasoning are quantum geometry (loop quantum gravity) and its relatives (Ashtekar 2002 , Ashtekar & Lewandowski 2004 , Rovelli 2004 , see also Vaas 2003d , and for comparisons with string theory Smolin 2003 , Kiefer 2004 , Vaas 2004a . Here, "atoms of space and time" are underlying everything.
Though the question whether semiclassical spacetime is fundamental or not is crucial, an answer might be nevertheless neutral with respect of the micro-/macrotime distinction. In both kinds of quantum vacuum accounts the macroscopic time scale is not present. And the microscopic time scale in some respect has to be there, because fluctuations represent change (or are manifestations of change). This change, reversible and relationally conceived, does not occur "within" microtime but constitutes it. Out of a total stasis (even on the microscopic level) nothing new and different can emerge, because an uncertainty principle -fundamental for all quantum fluctuations -would not be realized. In an almost, but not completely static quantum vacuum however, macroscopically nothing changes either, but there are microscopic fluctuations.
Surely a background-independent approach is more promising philosophically, for it is simpler, more fundamental and takes the lesson of general relativity more serious. One can apply the concept of microtime to such a "spacetime dust" nevertheless. A good illustration (or candidate) is the spin foam approach in loop quantum gravity (cf. Baez 2000 , Oriti 2003 , Perez 2003 , but in principle spin networks would also suffice (cf. Rovelli 2004).
To summarize: The pseudo-beginning of our universe (and probably infinitely many others) is a viable alternative both to initial and past-eternal cosmologies and philosophically very significant. Note that this kind of solution bears some resemblance to a possibility of avoiding the spatial part of Kant's first antinomy, i.e. his claimed proof of both an infinite space without limits and a finite, limited space: The theory of general relativity describes what was considered logically inconceivable before, namely that there could be universes with finite, but unlimited space (Einstein 1917) , i.e. this part of the antinomy also makes the error of the excluded third option. This offers a middle course between the Scylla of a mysterious, secularized creatio ex nihilo, and the Charybdis of an equally inexplicable eternity of the world.
In this context it is also possible to defuse some explanatory problems of the origin of "something" (or "everything") out of "nothing" (cf. Nozick 1981 , ch. 3, Parfit 1998 ) as well as a -merely assumable, but never provable -eternal cosmos or even an infinitely often recurring universe. But that does not offer a final explanation or a sufficient reason, and it cannot eliminate the ultimate contingency of the world.
Discussion
Before coming back to conceptual questions and cosmologic al classifications, a possible objection against what was proposed here shall briefly be discussed. If our universe has a beginning within the multiverse, one could argue that it was only stated here that certain parts of the world had a beginning, but not the world as a whole, i.e. the sum of all its parts. Thus, the question would repeat itself, although in a larger context. And, indeed, this is already an issue of contemporary cosmology.
For example Alan Guth, Alvin Borde and Alexander Vilenkin (2003) argued that within the framework of a future-eternal inflationary multiverse, as well as some more speculative string-cosmologies, all worldlines are geodesically incomplete and, thus, the multiverse has to have a beginning. Unfortunately, if future-eternal inflation is true, all "hypotheses about the ultimate beginning of the universe would become totally divorced from any observable consequences. Since our own pocket universe would be equally likely to lie anywhere on the infinite tree of universes produced by eternal inflation, we would expect to find ourselves arbitrarily far from the beginning. The infinite inflating network would presumably approach some kind of steady state, losing all memory of how it started […] Thus, there would be no way of relating the properties of the ultimate origin to anything that we might observe in today's universe" (Guth 2001, p. 78 ).
On the other hand, Andrei Linde and -at least for the sake of argument -Anthony Aguirre and Steven Gratton argued that the multiverse could be past-eternal, because either all single world lines might have to start somewhere, but not the whole bundle of them (Linde 2004) , or there could even exist some (albeit strange) space-times with single past-eternal world lines (Aguirre & Gratton 2002 ).
This issue is not settled, and even in those scenarios a global arrow of time may not necessarily exist. However, there are other frameworks possible -and they have even already been developed to some extent -, where a future-eternal inflationary multiverse is both not past-eternal and beginningless but arise from some primordial vacuum which is macroscopically time-less. Thus, again, the beginning of some classical space-times is not equivalent with the beginning of everything.
We can even imagine that there is no multiverse, but that the whole (perhaps finite) universe -our universe -once was in a steady state without any macroscopic arrows of time but, due to a statistical fluctuation above a certain threshold value, started to expand (Rebhan 2000 and, independently, Barrow et al. 2003 ) -or to contract, bounce and expand -as a whole and acquired an arrow of time. In such a case the above-mentioned reply, which was based on the spatial distinction of a beginning of some parts of the world and the eternity of the world as a whole, would collapse.
Nevertheless it is necessary to distinguish between the different notions and extensions of the term "universe". In the simplest case, Kant's antinomy might be based on an ambiguity of the term "world" (i.e. the difference between "universe" and "multiverse"), but it does not need to; and it was not assumed here that it necessarily does.
The temporal part of Kant's first antinomy was purely about the question whether the macroscopic arrow of time is past-eternal or not. And if it is not past-eternal this does not mean that time and hence the world has an absolute beginning in every respect -it is still possible that there was or is a world with some underlying microscopic time. (By the way, one can also imagine that, even if our arrow of time is past-and/or future-eternal, there might exist "timeless islands" someday: for instance isolated black holes if they would not ultimately radiate away due to quantum effects, or empty static universes if they could split off of our space-time.)
Of course it is possible that firstly a natural principle of plentitude is realized and different multiverses (sets of universes) exist totally independent from each other, and secondly that some of them are truly past-eternal while others have an absolute beginning and others have only local starting points of local arrows of time as it was suggested here. If so, we might not be able to tell in what kind we live in. And this would be irrelevant in the end, because then every possible world is actual and probably exists infinitely often. But we do not know whether such an extreme principle of plentitude does apply or if cosmology is ultimately just and only a matter of pure logical consistency, allowing us finally to calculate the complete architecture of the world by armchair-reasoning. In any case, one goal of this paper is a more modest one: to show that there is a promising third option besides Kant's dichotomy and antinomy, but neither to prove that such a possibility is the only consistent one nor that, as a matter of fact, our universe arose from such a time before time.
Some problems of conceptual classifications in cosmology
Before concluding with some more general remarks, the remainder of this paper shall address some open issues of table 3 above, i.e. the classification of different cosmological models. Here the distinction between microscopic and macroscopic time might also be useful.
• The classical Phoenix universe (Lemaître 1933 , Tolman 1934 , a future-eternal big bang-big crunch sequence, is globally (!) characterized here as an initial cosmology. (Of course locally, i.e. viewed from within, it has a singular beginning and an end, for one cannot pass into the next cycle; so one could see the model either as one oscillating universe or as a sequence of different spatially closed universes both connected and separated by a singularity.) The reason for this is that due to entropy considerations the photons-to-baryons-ratio increases from each cycle to the next and therefore a later cycle lasts longer than an earlier one and the maximum volume is increasing. If one does not assume an infinite continuum of smaller and smaller cycles in the past, a very brief first big bang-big crunch episode must have started the whole series. (This might also be the case for Lee Smolin's cosmic Darwinism, a future-eternal realm of universes branching off their parent universe out of black holes or a big crunch, see Smolin 1992 , cf. Vaas 1998 & 2003e, Susskind 2004b ). The Phoenix scenario (which does not address the dark energy problem however) was seen as an alternative to cosmic inflation (Durrer & Laukenmann 1996) .
• Note that the string theory-inspired-cyclic universe model of Paul Steinhardt and Neil Turok et al. (Khoury, J. et al 2004 , Steinhardt & Turok 2002abc, Turok & Steinhardt 2002 , 2004ab, see also Vaas 2001c & 2002b , which also is a viable alternative to inflation and can be seen from an effective 4D field theory perspective as an oscillating universe too, does not have such an entropy problem, because entropy is inflated away during the accelerated expansion of the brane -therefore global entropy does increase, but entropy density doesn't. However it is nevertheless not clear whether this cyclic universe has an infinite past (for counter arguments see Borde, Guth & Vilenkin 2003 , Albrecht 2004 , cf. also Steinhardt & Turok 2004a , for a general critique e.g. Linde 2003 , for a loop quantum cosmological approach Bojowald, Maartens & Singh 2004) . In any case, in contrast to the Phoenix universe, the cyclic universe is really cyclic, i.e. every epoch is, at least globally, a recurrence of the earlier ones. By the way, even if the cyclic sequence is not past-eternal, this model should be viewed as an eternal cosmology nevertheless. This is because from the 5D perspective the spatially infinite four-dimensional branes, which are separated by a five-dimensional bulk and collide (or pass through each other) periodically, are conceived as past-and future-eternal themselves -even if their cyclic behavior is not. (However, it is possible in principle that brane worlds do have an absolute beginning, i.e. come out of a Hawking instanton (cf. Hawking, Hertog & Reall 2000 , see also Hawking 2001 , ch. 7 & 2003 , but there is no model yet which combines such an initial brane cosmology with a future-eternal cyclic brane cosmology.)
• Globally, the Planckian cosmic egg model also can be classified as an oscillating universe. It starts with a nonsingular, closed universe filled with an ultra-dense (Planck density) and extremely cold (10 -180 Kelvin) pre-matter with an extreme tension leading to inflation (Israelit & Rosen 1989 , extensions with a scalar-field are given by Starkovich & Cooperstock 1992 and Bayin, Cooperstock & Faraoni 1994) . This unique universe expands and contracts to a new egg which inflates again ad infinitum. However, the Planckian egg is just an axiomatic assumption. More recent work try to explain it as the result of a primary pre-Planckian geometric entity without matter, a quasi-static closed space with some fields (Israelit 2002) . Under the even more speculative assumption of an Integrable WeylDirac theory this would lead to the Planckian egg and can be interpreted as a pseudo-beginning universe.
• While the above-mentioned cycles might be more or less identical, they are not identified, that is the same, but a linear sequence in global time (at least from the theoretical or God's eye view perspective). However, rotating Gödel universes could be interpreted differently, for they contain globally closed timelike loops. In this case, there might be only one cycle which is repeating itself infinitely often -i.e. time is circular, not linear. However, not all worldlines are temporally closed (indeed, most are not), and in the original model geodesics are not temporally closed at all (only sufficiently large accelerated movements lead into one's own past). But there are more complex Gödel world models (e.g. with electromagnetic fields, cf. Earman 1995, p. 168) , which have such closed geodesics. On the other hand, expanding and inhomogeneous Gödel universes are also possible, which do not have identifiable cycles, i.e. only the same repeating itself without end.
• A very different cyclic kind of model assumes a time reversal when space stops to expand and starts to contract again (Kiefer & Zeh 1995 , cf. Vaas 2002c . Thus, in principle time could "run" endlessly forward and backward between the big bang and the big crunch, but this arrow switch cannot be observed (the psychological arrow of time does also switch), so both end points could literally be identified as the same -humorously called a "big brunch".
• Another time-loop model assumes a cyclic time only at the beginning of the universe or multiverse (Gott & Li 1998 , cf. Vaas 2004d . Here the universe could be its own mother, i.e. it is self-created. Time, as it were, circles in such a tiny, spatially closed adopted Rindler vacuum (a low entropy state due to zero Kelvin temperature), but as soon as it "escapes", so to speak, passing a Cauchy horizon, irreversibility starts, i.e. an arrow of time. Thus, such a self-creating universe might also be seen as a pseudo-beginning universe but of a different kind than the other models mentioned in table 3.
• It could be argued that the classical Eddington universe solutions are so close to the soft bang/emergent universe models (for they are in fact Eddington solutions combined with cosmic inflation) that they should not be classified into different categories. Historically, Eddington universeslike Einstein's static universe -were taken as past-eternal, i.e. with an infinite past. However, with regard to the distinction between microscopic and macroscopic time one could argue that within the static realm there is/was no macroscopic time, i.e. no arrow of time. From that line of reasoning one might conclude that Eddington universes do also have a pseudo-beginning. Or that the static Einstein universe has, in a sense, no macroscopic time at all, i.e. it would be a timeless universe (which is not to be confused with a block universe view, for those interpretations could be applied to all initial and eternal cosmologies). However, one should not confuse mathematical time (which is a kind of absolute time within the abstract description of the world model) with physical time -whatever this exactly means. As Eckard Rebhan (2000, p. 9) wrote: "In physics time is a parameter that is used for ordering changes of states. However, when there are no changes then this order parameter loses its sense. In a very slowly changing situation it may therefore become more useful to consider the changes themselves as the order parameter that represents time instead of using an order parameter ordering no changes." In this sense the macroscopic lifetime of the universe considered in soft bang/emergent universe models is not greater than that of classical big bang models. (One might still argue that the Eddington instability developed out of an infinite past, thus there is still a cosmological arrow of time and, hence, soft bang/emergent universe models do not have a pseudo-beginning. But this is taken as physically misleading here and might just be a mathematical artifact.) -So the classifications depend on details which are still ignored by the very simplified models. If isotropy and homogeneity were perfect (i.e. not just a sufficiently coarse-grained simplification as a boundary condition to solve the equations) and all matter was literally taken as a cosmic fluid, for instance, such universes could not represent our own with its complex structure (galaxies etc.) on a more fine-grained level of description. But the Einstein and Eddington solutions -just like the steady state model -were not meant as universes without such structures. The soft bang/emergent universe models, however, do assume such a very simple state before an instability occurs, because ordinary matter was not there. Matter was created only after the inflationary epoch (due to inflaton decay, reheating etc.). That's why those models were classified as pseudo-beginning universes here.
• A related problem refers to the pre-big bang model (Veneziano & Gasperini 2003) . Here the string vacuum -where a local collapse in the Einstein frame (which corresponds to a dilaton-driven inflation in the string frame) before the big bang occurs -is quite simple, homogeneous, almost empty and does not have an overall arrow of time. But, mathematically, the origin of the pre-big bang -or, to be more precise, any pre-big bang, for the model does also imply a multiverse scenario -traces back to a maximally simple, static condition only in the infinite past (principle of asymptotic past triviality). But this can also be interpreted just as a local predecessor of a big bang and not a feature characterizing the infinite string vacuum as a whole. "The universe becomes more and more cold, empty, flat and non-interacting as time becomes more and more negative, until it reaches complete emptiness and triviality in its asymptotic past. The universe would thus obey a principle of Asymptotic Past Triviality, emerging from the simplest possible kind of initial states" (Veneziano, p. 19) . "It seems indeed physically (and philosophically) satisfactory to identify the beginning with simplicity. However, simplicity should not be confused with complete triviality: a rigorously empty and flat Universe, besides being uninteresting, is also very special, i.e. non-generic. By contrast, asymptotically trivial Universes, though initially simple, are also generic in a precise mathematical sense" (Gasperini & Veneziano 2003, online p. 53 ).
• The big bounce model of Hans-Joachim Blome and Wolfgang Priester (1991, cf. Vaas 1994 ) might also be classified as a pseudo-beginning universe if the state before the bounce is interpreted as a quantum vacuum without a macroscopic time. However, this model still has a cosmological arrow of time, namely the shrinking scale -factor, i.e. a contraction of space from the infinite past. But one might reply that it could not be observed within such a pre-bounce universe for this stage is empty (matter is only created after the brief epoch of inflation occurring after the bounce). Until a more detailed description of the pre-bounce state is given, probably depending on a theory of quantum gravity, it has to be admitted that the classification is somewhat arbitrary.
• On the other hand, the singularity-free loop quantum cosmology model developed by Martin Bojowald (2004 and Bojowald & Morales-Tecotl 2004 for reviews, cf. Ashtekar 2002 , Vaas 2004b , classified here as a pseudo-beginning cosmology, also undergoes a kind of bounce. However, the fabric of space and time literally dissolves around the bounce. It is an open issue, whether there was a semi-classical spacetime "before" it. More likely, there was a strange quantum state, describable only in an abstract manner with spin networks or spin foams in superposition. (Of course all these questions depend on the notorious problem of time in quantum gravity, which is not solved, c.f., e.g., .) "The question of whether the universe had a beginning at a finite time is now ,transcended'. At first, the answer seems to be ,no' in the sense that the quantum evolution does not stop at the big-bang. However, since space-time geometry ,dissolves' near the big-bang, there is no longer a notion of time, or of ,before' or ,after' in the familiar sense. Therefore, strictly, the question is no longer meaningful. The paradigm has changed and meaningful questions must now be phrased differently, without using notions tied to classical space-times" (Ashtekar, Bojowald & Lewandowski 2003) .
To summarize, the classification of table 3 should not be viewed as the ultimate truth, but as a proposal which might be subject to change both due to new interpretations in the future and more detailed and realistic modifications and additions of the models in question.
Outlook
It seems unlikely that philosophical considerations alone can answer the question whether there was a beginning of the universe or not, and in what sense. It is also premature, however, to ignore such questions, e.g. for Kantian reasons. On the other hand, it is not to be expected that some unambiguous empirical results (e.g. from the gravitational wave background, dark matter relics, or some traces in the cosmic background radiation) will ever solve these questions. Empirical research might at least constrain cosmological theories which could and should be based on current and/or future and more advanced fundamental theories of forces, particles, space and time, e.g. M -theory or quantum geometry (cf. , Vaas 2004a . It is an open question whether the dream of such a "final theory" (Weinberg 1993) or "Theory of Everything" (Barrow 1990 ) will ultimately explain the origin of our universe (or even the whole multiverse) and address the finiteness or infinity of space and time -or even reduce space-time to something more fundamental. But extrapolating from the scenario of eternal inflation (Guth 2000ab & 2001 , Vilenkin 2000 , and contemporary approaches to quantum gravity, it seems almost inevitable that the origin of our universe was not a unique event, and that other universes also exist. This not only has important implications for observational (or anthropic) selection effects (Barrow and Tipler 1986 , Kanitscheider 2001 , Vaas 2000 and our place in nature (Knobe, Olum & Vilenkin 2003 , Vaas 2001a , but also for the question whether the whole cosmos or multiverse is past-eternal or not (Borde, Guth & Vilenkin 2003) . If the proposal of this paper is correct, both options could be true in some way.
